Summary
Introduction
Aging is associated with physiological, biochemical and histochemical changes in the human neuromuscular system (Gutmann & Hanzlikova, 1972) . The percentage contribution of type I1 fibres is reduced with advancing age (Larsson, Sjijdin & Karlsson, 1978) , possibly due to a decreased trophic influence from the motor neurons (Engel, 1970) . This alteration in muscle-fibre composition may have implications for overall energy metaCorrespondence: Dr P. Moller bolism, as the type I1 fibres are predominantly glycolytic whereas type 1 fibres have a larger oxidative capacity. Of major importance for muscular function is the metabolism of the energyrich phosphagens. The pattern and content of such compounds in leg skeletal muscles are reported to be abnormal in several clinical disorders, which are most common in elderly subjects. There is a need for detailed information regarding the effect of normal aging on overall muscle metabolism. As part of such an investigation, in the present studies energy-rich phosphagens in muscle biopsy specimens of healthy elderly subjects were measured.
Material and methods

Patients
The subjects were 14 men and eight women (age range 52-79 years). Seven were studied during admission for surgical correction of benign disorders. None of the subjects was under-or over-weight (within 25% of ideal). From physical examination and results of chemical analyses of blood with a 20-channel Autochemist (Auto Chem Instrument AB, Lidingo, Sweden), all subjects appeared to be healthy. At the time of the investigation none was on drug therapy.
The muscle biopsies were performed in the morning after an overnight fast and after the subjects had been resting for at least 30 min. The samples were obtained under local anaesthesia from the lateral portion of the quadriceps femoris muscle (Bergstrom, 1962) . The nature, purpose and
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possible risks involved in the investigation were explained to the subjects before obtaining their consent. The reference series of younger men and women in the age range 18-36 years had been previously examined under identical conditions in the same laboratory (Harris, Hultman & Nordesjo, 1974) .
Melhod
The biopsy specimens were immediately frozen in Freon and transferred to liquid nitrogen and subsequently powdered. Visible connective tissue and fat were removed. Preparation and analytical techniques have previously been described in detail (Harris et al., 1974) . ATP, ADP, AMP, phosphocreatine, free creatine, lactic acid and pyruvic acid were determined by enzymatic methods. The energy charge potential of the adenylate system was calculated from the formula (Atkinson, 1968) :
total adenine nucleotides
Stahtics
Results are presented as mean values & SEM. Significance of differences was assessed by unpaired Student's [-test.
Results
The intramuscular contents of lactate (4.68 0.65 pnol/g dry weight) and pyruvate (0.34
0.05
pnol/g dry weight) in the elderly subjects were within the range observed in the young controls ( Table 1) . Values from the individual energy-rich phosphagens showed no variation with sex.
From the combined data for males and females, it appeared that young and old subjects differed in several respects. A slight decrease (on the average 4%) was observed for phosphocreatine in the elderly. In all but four of the 22 subjects (82%), the concentration of creatine exceeded the mean value for the young control group (P < 0.01). As total creatine remained the same, the phosphocreatinehotal creatine ratio in the elderly was below that recorded for the younger group. The elderly subjects were also characterized by slight decreases in total adenine nucleotides and ADP, the latter finding being highly significant (P < 0.001). The ATP/ADP ratio and energy charge potential were unrelated to age.
Discussion
A technical difficulty inherent in the current method for studying muscle tissue composition arises from the possible contamination with fibrous tissue, an error that might increase in the elderly. However, as the content of total creatine (supposed to be a stable muscle constituent) was the same as in young controls, it is concluded that the specimens analysed were mainly muscle. Thus the reduced concentration of phosphocreatine, the compensatory elevation of creatine and the reduced concentrations of ADP and total adenine nucleotides suggest age-related changes of the high-energy phosphagens. These differences are very slight; although marked age-related variations have been described for several other variables, such as muscle electrolytes and free amino acids (Moller, Bergstrom, Eriksson, Furst & Hellstrom, 1979) , the energy-rich phosphagens in skeletal muscle seem to be stable constituents in this organ.
The absence of elevated concentrations of pyruvate and lactate in the muscle suggest that there had been no energy wastage at the time of the study. Whereas short-term exercise is reported to result in accumulation of ADP and a fall in the ATP/ADP ratio (Cain & Davies, 1962) , the present subjects showed a reduced ADP concentration and an unchanged ATP/ADP ratio. The fact that the ATP concentration, energy charge potential and the ATP/ADP ratio were all unchanged suggests that the resynthesis of ATP in muscle of resting elderly subjects is normal.
The mechanism underlying the reduced concentrations of phosphocreatine and total adenine nucleotides in the muscles of elderly subjects is still uncertain. It is conceivable that the current findings just reflect the age-related inactivity of muscles. This view gained support in a recent study of elderly men (P. Moller, unpublished results). After 3 months of physical training, the pattern and content of energy-rich phosphagens changed towards values encountered in younger controls.
